It is sometimes claimed that gravitomagnetism, measured by the LA-GEOS satellites using the GRACE models [Ciufolini and Pavlis 2004] , that might also be detected by refining the Gravity Probe B data analysis [Muhlfelder, Keiser and Turneaure 2007], has already been observed by Lunar Laser Ranging, LLR [Murphy, Nordtvedt and Turyshev 2007] .
in this new frame we have a magnetic field B ′ , according to the formula:
. This magnetic field can of course be eliminated by a Lorentz transformation back to the original frame. However, in electromagnetism, the magnetic field generated by a loop of electric current cannot be eliminated by a Lorentz transformation and elementary particles such as an electron have an intrinsic magnetic moment which generates a magnetic field that, unlike the magnetic field arising from the motion with respect to an electric charge, cannot be eliminated by a Lorentz transformation. Similarly, in general relativity, in the frame in which a mass M is at rest, we only have the nonzero components of the metric:
, and g θθ = g φφ sin 2 θ = r 2 , but we do not have the so-called "magnetic" components g 0i . However, if we consider an observer moving with velocity v relative to the mass M , in his local frame we have "magnetic" components g 0i according to the formula
r . These "magnetic" components g 0i can simply be eliminated by a Lorentz transformation back to the original frame, this is precisely what has been observed by Lunar Laser Ranging since the first measurements of the geodetic precession of the Moon orbit. However, an object with angular momentum J generates a gravitomagnetic field intrinsic to the spacetime structure that therefore cannot be eliminated by a coordinate transformation, this is the field producing the Lense-Thirring effect on the LAGEOS (and LARES) satellites. In general relativity, given explicitly a metric g αβ , with or without magnetic components g 0i , in order to test for intrinsic gravitomagnetism (i.e., not eliminable with a coordinate transformation) one should use the Riemann curvature tensor R and the spacetime invariants built using it [Ciufolini 1994 , Ciufolini and Wheeler, Gravitation ad Inertia, 1995]. In [Ciufolini and Wheeler, Gravitation ad Inertia, 1995] the explicit expression of the Riemann curvature invariant * R · R is given, where * R is the dual of R. For example, this invariant (really a pseudo-invariant for coordinate reflections), no matter about any coordinate transformation or any change of frame of reference, is indeed different from zero in the case of the Kerr metric generated by the angular momentum and the mass of a rotating body but is equal to zero, as calculated in any frame and any coordinate system, in the case of the Schwarzschild metric generated by the mass only of a non-rotating body.
In electromagnetism to characterize the electromagnetic field one can calculate the scalar invariant − 1 2 F αβ F αβ = E 2 − B 2 ; however one can also calculate the scalar pseudoinvariant 1 4 F αβ * F αβ = E · B where * is the dual operation: * F αβ = 1 2 ε αβµν F µν and ε αβµν is the Levi-Civita pseudotensor. We observe that if we have a charge q only, in its rest frame we have an electric field only, and this invariant F αβ * F αβ is zero, therefore, even in the frames where B = 0 and E = 0, this invariant is zero. However, if in some inertial frame we have a charge q and a magnetic dipole m, for example the magnetic dipole of a standard loop of electric current or the intrinsic magnetic moment of an electron (the Bohr magneton), we then have F αβ * F αβ = 0 and of course this invariant will be different from zero in any other inertial frame.
In [Ciufolini and Wheeler, Gravitation ad Inertia, 1995] it is shown that the gravitomagnetic effect measured by LAGEOS and LAGEOS 2, due to the Earth angular momentum, is intrinsic to the spacetime curvature and cannot be eliminated by a simple change of frame of reference since the spacetime curvature invariant * R · R is different from zero. However, below here we show that the effect measured by Lunar Laser Ranging is just a gravitomagnetic coordinate effect that can be eliminated by a simple change of frame of reference.
In [Murphy, Nordtvedt and Turyshev 2007] is shown that on the Moon orbit there is a gravitomagnetic acceleration that changes the Earth Moon distance by about 5 meters with monthly and semi-monthly periods. This variation of the Earth Moon distance is, in the Moon's equation of motion, due to the term:
where, in the case of the Moon's equation of motion, the indices i and j indicate Earth and Sun and g ij = 
. In a frame of reference comoving with the Sun we have the nondiagonal gravitomagnetic term of the metric:
, and by using the geodesic equation of motion we find in this
, that is the term discussed in Murphy, Nordtvedt and Turyshev 2007. However, in a geocentric frame of reference comoving with Earth, the nondiagonal gravitomagnetic term is g 0i = 7 2
and the corresponding gravitomagnetic acceleration is:
, too small to be detected by LLR.
Therefore, the interpretation of the effect of Eq. (1) as a gravitomagnetic effect [Murphy, Nordtvedt and Turyshev 2007] is clearly dependent on the velocity of the frame of reference where the calculations have been performed; for example one can start with the post-Newtonian expression of the Schwarzschild metric generated by a mass M ⊕ , then perform a Lorentz transformation with velocity v i and have in the new frame the nondiagonal gravitomagnetic term of the metric:
. From this expression one can calculate the acceleration of the Moon due to the mass M ⊕ in this frame moving with velocity v i with respect to the mass M ⊕ and one then finds exactly the acceleration ∼ v M × ( v × g M ⊕ ). This gravitomagnetic acceleration is then a simple coordinate effect, indeed when we go back to the original frame, where the mass M ⊕ is at rest, this acceleration is zero, unlike what happens in the case of the Lense-Thirring-Kerr metric (whose Post Newtonian nondiagonal gravitomagnetic term is the one measured by LAGEOS) where the effects of the Earth angular momentum cannot be eliminated by a coordinate transformation.
This argument can be made rigorous by using the curvature invariant * R · R. This invariant is formally similar to the electromagnetism invariant * F · F equal to E · B. In the case of a point-mass metric generated by Earth and Sun, this invariant is: ∼ G · H, where G is the standard Newtonian electric-like field of Sun and Earth and H the magnetic-like field of Sun and Earth; this magnetic-like field is ∼ v × G and then clearly, on the ecliptic plane, the invariant * R · R is null. Indeed, its precise expression, as calculated in a frame comoving with the Sun, is:
, where z M is the distance of the Moon orbit from the ecliptic plane; this expression is then ∼ = 0 on the ecliptic plane (even by considering that the Moon orbit is slightly inclined of 5 degrees on the ecliptic plane, its z component would only give a contribution to the change of the radial distance of less than 1 % of the total change).
